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TE. ABRTRAEY

The research and development effort at the US Army Medical Research Laboratory,
fort Knox, Kentucky, is concerned with studies in sensory psychophysiology, the
biological effects of laser radiation, and methodology related to the preserva-
! tion, transfusion, collecting, processing, and shipment of human blood.

The progress during Fiscal Year 1971 and the current status of the various work
! units are reported herain.
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SUMMARY

The research and development effort at the US Army Medical Research

Laboratory, Fort Knox, Kentucky, is concerned with studies in sensory
psychophysiology, the biological effects of laser radiation, and meth-
odology related to the preservation, transfusion, collecting, processing,
and shipment of human blood.

The progress during Fiscal Year 1971 and the current status of the var-

jous work units are reported herein.
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FOREWORD

The mission of the laboratory has remained unchanged during the past
year. Notable accomplishments toward these gnals are outlined.

In the area of blood banking research, trace amounts of methylene blue
a@ded to optimal concentrations of inosine and adenine in CPD blood
will extend the shelf life of bank blood to 6 weeks; whereas the levels
of 2,3-DPG--a measure of hemoglobin function--are maintained very well,
ATP levels are not affected significantly. The salivary anti-A and
anti-B isoantibody system in group O males has been found to be dis-
tinct from the serum antibody system and cannot be applied in differ-
entiating the group 0 universal donor with dangerous levels of serum
anti-A and anti-B.

An automated procedure applicable to the field study of sickle cell he-
moglobin screening in large populaticns has been developed; the cost
per test for reagents averages $0.03. The first large field study in
Vietnam returnees with reference to the incidence of Australian antigen
has been completed. The translation series "Selected Contributions to
the Literature of Blood Groups and Immunology" (1962 - 1971) and com-
prising seven parts “as been completed.

In the area of psychophysiology, behavioral tasks have been used suc-
cessfully to differentiate central and peripheral visual phenomena; one
involves the use of the Stroop paradigm with bilingual presentations
naming words in one language and interfering words in another. In the
application of the "dancing arabesque", wherein an achromatizing lens is
moved in front of the eye to correct its chromatic aberration producing
an effect of dissociative movement, the resulting phenomenon is clear-
ly retinal. Data derived from the growth and recovery functions of
temporary threshold shifts (TTS) after 48 hours of continuous noise
exposure provides confirmation of an asymototic TTS; the slow recovery
from low values of TTS under these conditions has important implica-
tions in understanding the processes producing temporary and permanent

threshold shifts.

Progress in laser research continues. in the evaluation of functional
visual impairment incident to ruby laser injury, trained rhesus monkeys
exposed to relatively large lasing doses may recover as much as 50% of
their preexposure acuity; smaller radiation doses result in greater re-
covery. Q-switched ruby laser radiatior .nuuced skin burns using dark-
ly pigmented pigs and CO2 laser burns ir white pigs have provided ad-
ditional data for use in safety standards. Experiments with the Q-
switched erbium laser in rhesus and ow! mon‘eys affirmed that ocular
damage is limited to the cornea. With currently available energy lev-
els, corneal damage threshold data for the gallium arsenide laser has
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calcium absorption;to provide for the rationale approach to the treatment of certain
disabling disorders of calcium metabolism encountered in military medical practice.

24. (U) An attempt was made to detect an endogenous factor responsibie for reaula-

then incubated with the two types of sera in the presence of radioactive vitamin 03.
Undialyzed serum from both sources was also tested in a similar manner.
tion, the lipids were extracted and separated by thin layer chromtography.
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PPOQI‘ESS :

This project was termnated due to personnel transfer to Fitzsimons.
Results and conclusions are contained in the publications listed below.

Publications and/or Presentations:

Morrissey, R. L., D. K. Hysell, and W. L. Janik. Control of cal-
cium absorption: Intluence of Vitamin D3 hydroxylation on the calcium
binding activity of chick duodenal mucosa. USAMRL Report No. 883, Aug
1970 (DDC AD No. 715697).

Selected Bibliography:

Morrissey, R. L. Recgulation of intestinal calcium absorption.
Ph.D. Thesis, Cornell University, Jun 1970.

Morrissey, R. L., D. K. Hysell, and W. L. Janik. Calcium binding
protein: Endogenous induction. USAMRL Report No. 859, Mar 1970 (DDC
AD No. 712957).

Morrissey, R. L. and R. H. Wasserman. Adaptation, calcium bind-
ing protein (CaBP) and the intestinal absorption of calcium. Fed. Proc.
29: 847, 1970 (Abstract).
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23. (U) To design and develop specialized instruments for use in the study of the bio-
logic effects of laser radiation as a means of evaluating the hazards to military per-
sonnel from this form of energy. This involves the perfection of instrumentation,
measurement techniques, and specialized instrument maintenance in support of this re-
search effort.

24. (U} 1) Develop techniques for the application of transducers and associated instru-
mentation in order to monitor instantaneous thermal transients in model biological sys-
tems resulting from absorbed laser energy. 2) Develop devices for the absolute measure-
ment and continuous monitoring of laser energy. 3) Incorporate modifications for ef-
ficient utilization and improved versatility of the nver-all laser systems.

25. {U) 710101 - 721 06 30 1, Tne warranted plasma tube for the Krypton laser has been
replaced and satisfactor, outputs at the desired wavelengths have been obtained. This
Krypton system has been 1rcorporated into the fiashblindness study. 2) The chiller ob-
tained for the carbon dioxide lacer water supply 1S not acceptable because of an inher-
ent cyclic nature. [t is ant.cipated tnat by overriding the cooling capacity of the
chiller with controllea heat tne desired stability will be achieved. 3) Adequate en-
vironmental control over tne past few weeks has resulted in a very stable carbon dioxide
laser output beam. Several animal exgeriments have been run and additicnal calibrations
of the small apertured (0.05 mm) tppley thermopile and the dual thermocouple scanner
have been underway. These scanning techniques have shown that the ratio of peak power
density to total beam power becomes very large at higher laser outputs.
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A91C 00 145(b) (cont)

Detail Sheet #1

Progress:

Since being re-engineered the Model 41 CO» laser has performed
very satisfactorily. Stable operation at low gas pressure is now pos-
sible and the total power output is above quoted specification. At
the higher outputs the laser beam is highly peaked, having a measured
1/e2 beam diameter 8f less than 5 mm compared to the manufacturer's
specified 10 mm 1/e¢ diameter. The chiller purchased to control the
water supply for the CO, laser should become acceptable with a plan-
ned modification to 1nc€ude a controlled heating element to precisely
regulate the temperature. With current environmental controls and
moderate weather, reasonable COp laser output stability has been a-
chieved, and a series of animal experiments performed.

The dual thermocounle scanning device has been modified several
times to correct deficiencies. Larger thermocouples are now in use
(0.001 inch versus 0.0005 inch) for ease of installation without ap-
parent loss of resclution or sensitivity; the silver chloride window
material exhibited transmission changes with time and has been replaced
with a slotted metal reflector that shields the device while illuminat-
ing the couples; a temperature controlled combined reference junction
and heat sink has been installed to minimize environmental effects.

An Eppley thermopile equipped with a 0.05 mm aperture centered
over the receiver disc has also been employed as a CO» laser beam
scanning device. Both this system and the dual thermocouple system
are in the process of being calibrated.

A pyro-electric IR detec*or has been successfully tested for
pulse length measurements in the millisecond region. The design and
assembly of amplifiers for use with gold-doped germanium detectors
for nanosecond pulse length measurements is underway.

The Model 52 Argon laser met the manutacturer's specifications at
all wavelengths. Several exchanges with the manufacturer of matched
optics (output window and total reflector) were necessary before the
Model 52 Krypton laser performed to specifications. Subsequently
the Krypton plasma tube failed and was replaced by the manufacturer.
Recently a power supply malfunction has reduced outputs to unaccept-
able levels; corrections are underway.

Publications and/or Presentations:

None.
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Selected Bibliography:

Heard, H. G. Laser Parameter Measurements Handbook. New York:
John Wiley and Sons, 1968.

Hudson, R. D., Jr. Infrared System fngineering. ‘'iew York:
John Wiley and Sons, 1965.

Jenkins, F. A. and H. E. White. Fundarmentals of fptics. ‘“iew
York: McGraw-Hill, 1950.
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.rin o+ tgootension, 1. Saline + Heparin ¢+ Calcium + Hypotension.

Y25, 100 75 37 Gi - 70 08 31 This work unit was terminated because of the deocarture
from the laboratory of the investigator (Morrissey).
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Progress:

This project was terminated due to personnel transfer. Results
and conclusions are contained in the referenced publication.

Publications and/or Presentations:

Morrissey, R. L., . L. Birndorf, C. E. Shields, and D. K. Hysell.
Effect of heparinized saline infusion and hypotension on calcium homeo-
stasis in the dog. USAMPL Report No. 887, Aug 1970 (DDC AD No. 715703).

Selected Bibliography:

None.
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-23. (L) To acquire knowledge concerning the interactions betweer the imrmurole ™ ..0 Je-
-onse mecnanisms of tne host and the antigens of the conor trinsplant invoivec o ru-
e2tion of corneal grafts. Information in this area will enhunce successfu. tréfu.ian-
Lation of corneas in the treatment of military combat injuries. |

24. (J) Tnis research will be divided into two phases: 1) Preparation and cnarccieri-

107 0f ourified oroteins from aqueous extracts of corneas. 2) Performance cf cor-

1 reterografts in nonsensitized rabbits and in rabbits sensitized with tne donor
c'¢.c commeal proteins prepared in phase I. The following parameters wi.. ue sStuc-

o evaluate graft rejection in both groups: 1) time of onset of graft opac:iica-
~wion; 2) ciinical severity of the reaction; 3) incidence of the reaction. ;

$25. 7., 77 2701 - 71 06 30 Rejection was accelerated in rabbits immynized with cnick-
Yea atloumin Defore grafting with chicken cornea. Graft rejection in rabbits sresensi-
"ted ~itn chicken gaiana globulin proceeded at a slower rate. The data sugces: tnal
smes. rejection is elicited by a number of antigens present in the grafted coreq,
umd tnat one ant.nen -antidody system may manifest itself quite cifferently clinically ¢
roT anolner spec1‘1c immune system also present in the qrafted host. Thease stuu.es
"sre seing continued with additional purified blood serum proteins. Studies are aiso
oeing conducted to characterize the number and nature of the various antigens presernt
.n cormea,
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Detail Sheet #1

Progress:

A soluble (F1) and insoluble (F2) protein fraction has been iso-
lated from chicken cornea by various extraction procedures. These
fractions possess transplantation antinen activity as demonstrated by
their ability to induce speciric sensitization in rabbits resulting
in accelerated rejection of & subsequent corneal graft. Fl and F2
consist of a mixture of proteins which stirulate the oroduction of
circulating antibodies capable of endendering a wide variety of im-
munoiogical reactions 1n the presence ot specific antigens in donor
cornea. These studies have ':een extended to include the isolation
and characterization ot the 1ndividual components vinich cororise the
soluble fraction. it least eleven ditferent protein components exist
in F1. They have heen separated by column chromatoaranhy with DEAE
Sephadex. Currently, thase fract ons ire beina collected and concen-
trated and will be analyzed further tor 1dentification and to deter-
mine their effect on graft reiection.

Immunody ffusion studies with F1 and antisera specific for puri-
fied chicken serum protelns suggest that the cornea contains blood
serum proteins. These studies have been supnorted by the observation
that rabbits pre-sensitized with purified chicken serum proteins reject
subsequent grafts more violently and at a markedly accelerated rate than
unmodi fied controls. F1 and F2 alsc elicited Forssman antibody in rab-
bits. However, even though the presence ot Forssman antigen was
demonstrated in donor cornea, rabbits with hiaoh circulatina specific
antibody, induced by sensitizatior with sheep red cells, did not re-
ject corneal grafts 1n an accelerated marner  These findinas imply
that in xenogenic keratonlasty the cornea may include transplantation
antigens and also other articens which do not influence the fate of
the graft even i1n the presence uf hiah specrfic numoral antibody.

An additional 1mplication ot these *indinas is that soluble trans-
plantation antiagens diffuse trori a araft and are primariiv responsidle
for the sensitization of the host  “eanwtile the insolubie antiaens
persist within the grafted tissue where thev act as targets for sensi-
tized cells or circulating antibodies. The isolaticn and characteriza-
tion of the eleven norneal oprotein compunents and studies to determine
their relationship tco the araft rejection phenomenon wil! add signifi-
cant information to the meager ~nowledae avariable 1n this area of re-
search.

Publications and/~r Presertat: ny:
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Leibowitz, H. ". and A. J Luzzio. Transplantation antigens in
xenogenic keratoplasty 11. Arch. Ophthal. 84: 645, 1970.

Luzzio, A. J. and H. ™. Leibowitz. Immunochemical analysis of
corneal antigens in xenogenic keratonlasty. Transplantation, 11: 383,
1971.
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ated with heterograft rejection. Arch. Ophthal. 73: 519, 1965.

Leibowitz, H. M. and A J. Luzzio. Transplantation antigens in
keratoplasty I. Arch. Ophthal 83: 215, 1970 .

Russel, P. S. and A. P. Monaco. The biology of tissue trans-
plantation. New Eng. J. Med. 271: 502, 1964.
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23. (U) To study the mechanisms of interaction of laser radiation with biological cells
and tissues and to correlate these changes with respect to mathematical models that will
serve to predict when laser injury can be expected to occur. This knowledge will be ap-
plied to the development of laser safety standards for military personnel employing
laser systems, The mathematical models will be defined and modified to conform to the
experimental requirement.

24. (U) The data from cutaneous burn studies (Project No. 3A061102871R 01 103, Agency
Accession No. DA OA 6103) will be correlated with those predicted by current mathemat-
ical models describing laser injury thresholds. The results will be analyzed to eval-
uate the thermal constants and thermal inactivation rates of skin. Model and tissue
>,st?ms will be used to evaluate the appropriate heat flow equation in the mathematical
models.

25. (J) 7101 01 - 71 06 30 Mathematical equations describing heat flow in tissue re-
sulting from exposure tr a carbon dioxide laser beam with a Gaussian power distribution
have been incorporated 1-ro the damage integral model. This mathematical model is being
expanded to include rapid ..quential pulsing of the radiation.
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Progress:

Heat flow equations have been developed and the corresponding com-
puter programs completed which describe thermal transients in tissue re-
sulting from exposure to laser beams having a radially symmetrical power
distribution. The equations also take into account the absorption char-
acteristics of the laser radiation being considered. The mathematical
models are being expanded to include the effects of rapid sequential
pulsing of the radiation. Testing ot the validity of the equations
and the accuracy of the assigned thermal constants with both simple
physica! models and tissues has been delayed because of the nonavaila-
bility of the COp laser.

Data from cutaneous burn studies (Project No. 3A061102B71R 01 103)
using the CO2 laser are now being generated. These data will be ana-
lyzed by means of the mathematical models to determine the appropriate
thermal inactivation rate functions and constants for skin. The com-
plete model can then be utilized to predict the extent of thermal dam-
age in skin resulting from exposure to a wide variety of laser radia-
tions and exposure conditions as well as other radiations and modes of
thermal input to the skin

Pubiications and,or Presentations:

None

Selected Bibliography:

Davies, J M The effect of intense thermal radiation on animal
skin. A comparison ot calculated and observed burns. Quartermaster
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temperature response of pig skin exposed to thermal radiation. Univer-
sity of Rochester Atomic Energy Project Report UR-553, 1959,

Fine, S., W. P. Hansen, G. R. Peacock, E. Klein, F. Hust, and Y.
Laor. Biophysicai studies with the CO2 laser. NEREM (IEEE) Record,
p. 166, 1266

Fugitt, C. H. A rate process thzory of thermal injury. AF
Special Weapons Froject Report No. 606, 1955 (DDC AD No. 212660).

Henriques, F. . Studies of therma! injury. AMA Arch. Pathol.
3: 489-509, 1947

15



B71P 02 010 (cont)
Detail Sheet #2

Mixter, G., Jr., G. P. Delhery, W. L. Derksen, and T. L.
Monahom. The influence of time on the death of Hela cells at elevated
temperature. In: Temperature, Its Measurement and Control in Science
and Industry. New York: Reinhold Publishing Corn., Part 3, po. 177-
182, 1962
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23. (U) To defi.ne the extent of injury to human tissues associated with exposure to
laser radiation and to define and evaluate the hazards to military personnel. Cell
orocesses affected by absorption of laser radiation will be studied in order to provide
useful knowledge concerning the principal physiological and biochemical changes in-
iHuced. This, in turn, will lead to the development of better pruventive and therapeu-
tic measures.

F4. (U) Cell processes and structures selected for the suitability of their responses

‘Lo radiation and to heat will be studied in various ways. Effects upon membrane trans-
ort, sugar catabolism, and cell division will be examined in mammalian cells and tis-
ues and in microorganisms. A variety of biochemical analyses will be employed. Micro-

Lurgery of cell organelles and electron microscopy of cell structures will be used to
orrelate structural and functional effects.

5. (U) 77 01 01 - 71 06 30 Monolayers of mammalian cells have now been carried through
a long series of subcultures, indicating a stable cell line and cultural conditions.
fne cells have not yet adapted fully to growth in suspension, required for the large
humbers used in some experiments. Freeze-etch and thin section preparations of these
cells have been examined with the electron microscope to develop and improve techniques
for measuring ultrastructural changes induced by laser radiation and acute thermal
ftress. Measurements of the transport of various compounds into other cells under vary-
ing condition< have been made in studying functional alterations. Knowledge of thermo-
sensitive cell activities and structures can lead to the development of compounds which
interrupt lethality or lead to repair, matters of high importance in protecting from
laser injury.
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Progress:

To characterize effectively the injuries which may occur in hu-
man tissues, studies with mammalian cells have had first priority dur-
ing the past year. Monolayer cultures of strain KB cells are now
routinely available for study. Development of a system for culture
of these cells, initiated during the latter part of FY 1970, was slow-
ed late last summer as a consequence ot incubator malfunction at high
anbient temperatures Equipment changes, including incubator imorove-
ments and room cooling procedures, were made to produce a more appropri-
ate growth facility. Problems of airborme contamination and the lack
of sterile transter areas were resolved with other equipment changes.
Attempts to adapt monolayer cultures to a suspension type growth have
not yet been successiul. This more efficient method of culture would
permit continued large harvests ot ceils under uniform growth and sam-
pling conditions and provide a system highly suited for studies to cor-
relate alterations 1n ultrastructure with cell processes sensitive to
laser radiation.

Along with the acvelopment and stabilization of a mammalian cell
culture system, biochemical and cytological procedures have been stand-
ardized for the measurement of cell growth and cell cycle sequences--
by nucleic acid and protein assays--and the use of freeze-etch prepara-
tions, as well as thin sections for electron microscopic analyses of
injured cells. Because laser radiation injures by the generation of
heat, both direct irradiations and heat-shock experiments have been
designed. Intracellular mechanisms which lead to cell lethality or
repair in tissues exposed to laser radiation probably are initiated
immediately upon exposure. A knowledge of these mechanisms and of
the nature of laser-induced 1njury 1s prerequisite for devising meth-
ods to faciiitate repair, a matter of increasing significance in mil-
itary medicine as the use of lasers increases. Experiments with heat
shock are underway: injury and repair are being assessed by electron
mcroscopy and by measurements of the transport of essential types
of nutrients into the cell

Though their priority has been reduced to a minimum, some meas-
urements to elucidate changes 1n yeasts as a result of heat-shock have
been made to round out ear!ier work with these cells. Heat exposures
result in altered rates of gliycolysis and sugar uptake. These effects
appear to be linked to menbrane alterations, a type of change impor-
tant in many cellular responses  Measurements of the uptake of non-
metabolized sugars have ndicated an effect by added alucose upon mem-
brane structure separate from the utilization of this sugar as an energy
source., Clarmfication ot the details of such a glucose effect would

18
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help irn understanding a number cf responses to glucose by cells of var-
ious types.

Publications and/or Presentations:

Maxweil, W. A. and E. Spoerl. Ultrastructural changes in Sao-
charomyces cerevisiac treated with iodoacetic acid. Presented (by
Maxweil) at the American Society for Cell Biology Meeting, San Diego,
Calif., Nov 1970; J. Cell. Biol. 42: 132a, 1970.

Maxweli, W. A. and E. Spoerl. Mannitol uptake by Saecharomyose
cereisiae. J. Bacteriol. 105: 753-758, 1971; USAMRL Report No. 879,
Jul 1970 (DDC AD No. 714187).

Maxwell, W. A. and E. Spoeri. Uranyl nitrate inhibition of trans-
port systems in Sascharomyces ocerevisiae. J. Bacteriol. 105: 1205-
1206, 1971; USAMRL Report No. 883, Jul 1970 (DDC AD No. 7756%94).

Spoerl, E. Enhanced CO2 production by yeast exposed to elevated
temperatures. J. Gen. Microbiol. 62: 35, 1970.

Spoeri, 5. Disruption of yeast membranes by methylphenidate. J.
Bacteriol, 105: 1i68-i1174, 1971.
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23. (U) To 1dcnt1fy. characterize, and treat the sporadicany occurring diseases en-
countered in laboratory animals used by the investigator; particular attention will
‘be directed to those diseases that may be communicable to man, and to those diseases
‘arising in animals from geographic areas where our military forces may be deployed
i(e.g., Africa, South America).

24, (U) Surveillance of the animal colonies of the laboratory (nonhuman primate, dogs,

_cats, rabbius, mice, goats) for the presence of disease agents or processes will be
carried out on a continuous basis. The pathogenesis of the disease state, when rec-
ognized, will be investigated and possible control measures studied and instituted.

25. (U) 71 01 01 - 71 06 30 Five confirmed cases of tuberculosis were diagnosed in
one shipment of 30 monkeys destined for military laser research program. To prevent
spread of this disease the animals were quarantined for an extended period, until
three negative consecutive TB tests were obtained. Routine diagnostic radiograpny
inas been established to aid in the detection of advanced tuberculosis in which 2
"a1se negative tuberculin test is demonstrated frequently, in an attempt to prevent
tne spread of this disease to other valuable military research primates. A study to
‘determme the extent of bacteriological flora in the animal holding facilities is
still in progress. This study is an attempt to ascertain both the e.‘ficiency of
cleaning and disinfecting schedules and to determine the possible contaminating
sources both for valuable research animals and animal caretakers. A laboratory
toreeding colony of beagle dogs for research support has been established to provide
nea’lthy animals with known histories on demand. . The initial breeding colony was ob-
tained from WRAIR, ‘dash‘angton DC.
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Morrissey, R. L , D K. Hysell, and W. L. Janik. Transferrin

polymorphism of Lerae.cedbus torquatus atye (sooty mangabey).
Report No 901, Oct 1970 (DDC AD No. 716353).
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23. (U) Enhanced visual performance during continuous military operations depeﬁds upon
appropriate use of the mechanisms underlying vision. «Knowledge of the mechanisms of
binocular vision and the neurophysiological processes of visual resolution and sup-
pression is necessary to secure maximal visual information under the conditions of
night (highly directional or non-directional) illumination. The interaction of ocular
muscle balance and visua) disorders, with the variety of military optical instruments
directly affects the coldier's ability to execute his assigned duties. .

24, (U) Studies will be conducted, predominantly in monkeys, but also using humans,
exploring the electrophysiological correlates--ERG and cortical evoked potentials--of
form vision. In addition, using cortical and depth electrodes, the effects of central
stimulation will be studied. Primate behavioral preparations will be used as a model
for human strabismus by severing the lateral rectus muscle of one eye during early in-
fancy. The visual decrement and changes in electrophysiology will be studied.

25, (U) 71 01 01 - 71 06 30 Final hardware interfacing and calibration for computer
reduction and analysis of vision electrophysiological data has been completed. Ex-
tended refinement of the computer program for this data aralysis is underway. A setup
for stereoscopic presentation of moving stimuli has been completed. Preliminary data
is being taken. The initial cbjective shall be to evaluate with quantitative measures
the depth displacements produced by a single moving stimulus above or below the fixa-
tion point. Behar, I. The effect of differential overtraining of the positive and
negative stimulus on the aversiveness of the negative stimulus. USAMRL Rep. No. 923,
Mar71; Adams, C. K. and I. Behar. Spectral sensitivity in the neonate monkey; Harker,
G. S. The Mach-Dvorak phenomenon and binocuiar fusion of moving stimuli. Presented
at the Ann Mtg of the Asscc for Res in Vis and Ophthalmology, Sarasota, FL, Apr7i,
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Progress:

A computer p-ogram (software) has been developed which will allow
digitized electrophysiological vision data to be 1oaded into a large
computer bu‘*ter, or core area, from digital magnetic tape. The pro-
gram tollows a system approach incorporating load, digital tape to
disc (core) conversion, power spectral analysis, and analysis of var-
1ance subroutines All system control may be made remotely, via a
local teletype terminal

Compatibtiity between the local digital magnetic tape unit hard-
ware and the large contracted computer facility has been established.
The software system necessitated designing-in the capability to convert
basic digitized data on the magnetic tape into a format which the com-
puter could occept. Data handling is checked by inputing calibration
data before and atter the experimental data. Compensatory factors are
being inciuded 1n the sortware in such a way that two preamplifiers,
with difterential output may be utilized. The pre-amplifier discrep-
ancies wil! be accepted or rejected by pre-established criteria for
variabiiity The compensated data is scaled to a calibratior record
and voitage parameters Transformation of the scaled data is obtained
using a Fast Fourier Transtormation (FFT) algorithm. Print-out of the
data betore and atter calibration, before and after scaling, and before
and after transformation can be obtained. Transformed data may then be
statisticaily analyzed by calling a completely factorialized, analysis
of variance subroutine Use of analysis of variance allows interpre-
tation of the transtormed data (power spectral analysis) in the much
more powerfui realm of statistics.

In the tuture, coherence and regression analysis may be incorpo-
rated 1n tne sottware system. In addition to frequency information,
carrier frequency and phase information will be incorporated into the
computer anaiysis ot the eiectrophysiological data.

Severat specific problems with hardware have been encountered.
The digital magnetic tape unit did not accept data to an acceptable
tolerance due to skewing ot the write and read magnetic tape heads.
Parity, the tinternal check made for correct data input, was also in-
accurate, due to the excessive skewing. Acceptable tolerance with the
current computer processing of the digital data is much tighter than
previously To achieve the higher tolerance levels the digital tape
transport, data electironics, and control unit were returned to a manu-
tacturer's seivice center for examination and repair. Currently, the
interfacing between the local averaging computer-analog-to-digital con-
verter 1s undergoing & simlar upgrading.
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Th1s reduction and analysis system for visual electrophysiology
data has been assemiled to handle extremely varied types and amounts
of analog data. The 'nvestigation of tarmet deti-crtron and acoursition,
comparing period:c and 3periodic visual stimuldation. 15 now undervay.
In the future, potential ciinical usage of rhis syster will be exam-
ined. Such usage would include compbutarized patterr. “wcognition ot
visual records under hiomedical stress, ophthalr « tatiaue, and
ophthalm¢ disease conditions. Three pavners descr ing tais hardvare
and software system are 1n preparation,

Two studies on visuai discrimination learnine o con-hiuman pri-
mates were completed. In cne, the effect ut di-terent-al overtraining
of the positive and negative stimulus cn the aversiveness ot the neg-
ative stimulus was compared It was found that ditterential overtrain-
ing significantly altered the reiative aversiveness ot the negative
stimuly. Ir the second study, the ettects of twu types 0* pretraining
were compared on subsequent learnina-set formation. Neiltiher win-stay
nor lose-shitt pretraining when given arone faciittete such learning
althouah the effects ot each are quite di'terent.

The imitial study of the Mach-Uvorak phenomenon has been completed.
Data taking was finished early in the year. /nalvsis and writeup pro-
gressed slowly with recent completion ot the maruscrint titled "The
Mach-DOvorak phenomenon and binocular fusion of moving stimull.” The
major conciusions of this research are: 1) 'lamibuietion ot exposure
duration demonstrated an equivaience ot the rejati.e deoth percelved
due to eye sequence with that predicted by the -uie. tae short expo-
sure precedes the long exposure in perception tire.  Conceivably, the
neural characteristics operative in deteyrmining the attective eye se-
quence of short and lcng exposures are aisc etfective “n eye sequencing
when the exposures are equal: 2) The simulteneous anc alternate neutral
points, much as their occurrence 1s concomtant to the .veiie nature of
the stimulation, are not conjucate in therr re:ponse T gxner.ental
manipulations both neutrai poiInts are responsive 1o er00sure duration
though to a different degree and in a manner .uagestive ot the opera-
tion of multiple orocesses: 3) Manipulation ot the t.mnance level view-
ed by the referent eve to reverse the direction ¢t the concomitent 1n-
terocular 11liumination dr1fference, produced chanaes buth worsistent and
inconsistent with tne conduction latency explanation ot+ared tor the
Pulfrich phenomernn  Ine phys:cal uppar limt ot perceiverd depth with
manipulation ot exposure duration was censistent with that obtaired
with 4 log 1 w fierences alone and evidence r¢ discontinuitv as the
limit of 1ntermitiance was approached; 4 Lyidancs tor a U ra-jccked
fusion contour wex not ohtarned  Rather, the duta ndsyste 2 complex
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interrelation of scverat possible experimental manipulations though in-
terocular delay, the primary experimental manipulation, requires a zero
referent or "fusion contour” tor the generation of pousitive and nega-
tive disparity, the presumed mechanism ot 1ts functioning; 5) Nasal-
temporal conduction-time 1 trerences seen tu be clearly evident in the
divergent-convergent cateyurization ot the obtained ddta; 6) Simple ad-
ditivity ot the disparities from interucular 11lumnation difference
and intermittence was not dermonstrated  Rather, the manipulation of
intermittence and iuminance produced 1nteractive etfects. Thus, the
latency exptanation ot Fuitrich 1s not directly generalizable to Mach-
Dvorak; however, no barrier 15 cttered by the obtained data to the gen-
eralization of an explanat:ion «t the Mach-Dvorak to the Pulfrich phenom-
enon.

A new experimental setup provtding tor electronic control ot stereo-

scopically presented stimuit has been completed  Pilot work has veritied
the equivalence of this si1tuation to that used 1n the 1mtial study.

Publications any, or Presentations:

Adams, C. K dnd I Pehar  Spectral sensitivity in the neonate
monkey. Presented {by Adams) at the annual meeting ot the Association
for Research 1n Vision and Ophthal!moluqy, Sarasota, Fla., Apr 1971.

Behar, I The efrect ot difterentral overtreining ot the posi-
tive and ~egative strioulus on the 1vers:vaness ot tne negative stim-
ulus. USAMRL Teport ‘lo %23, Mar 137, (DM AD No. /724143)

Harker, & 3. i1ston: Moncoular, bi-ocular, binuvcular Present-
ed at the 16th annua! Arny Human Factors Conference, ft. Bliss, Tex.,
Oct 1970.

Harker, G. >. ihistury and curreat research proarai ot Lxperi-
mental Psychoiugy hvision, USAMRL, Tt Knox, .y Peesented at AMEDD

N

Annual Conferance 1r Psveanloqgy, Denver, Coio - Do 1470

Harker, 5 5 ine Mach-Duveral phencmeno: anc breecular fusion of
moving stimuii  Prasented at trne annual meeting ot the Association for
Research 1n Visicrn ana »nivtt aimdoqgy. Sarasota, Fle , Apr 197]

Lewis, G. W 15100 resoareir at ITAMPL Prasentad at AMEDD An-
ual Conferancoe v Usyeroiney, 2 .2, colo , Bec 1979
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Benignus, V. A. Estimation of coherence spectrum of non-Gaussian
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Benignus, V. A. Estimation ot the coherence spectrum and its confi-
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ative stimulus during learning. Psychon Sci. 3: 391-392, 1965.
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same eye.) Submitted by Prof Mach Sitzgsber. d. k. bohm. Gesell.
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Efron, R. Effect of stimulus duration on perceptual onset and
offset latencies Pe-cept. & Psychophys. 8: 231-234, 1970.

Engel, G. R. An investigation of visual responses to brief stereo-
scopic stimuli. Quart. J. Exp. Psychol 22: 148-166, 1970

Enroth, C. The mechanism of flicker and tusion studied on single
retinal elements in the dark adapted eye or the cat. Acta Physiol.
Scand. 27 (Suppl. 100): 5-67, 1952

Harkter, M. R Evoked cortical responses to checkerboard pat-
tems: effect of check-size as a function of retinal eccentricity.
Vis. Res. 10: 1365-1376, 1970

Julesz, B. and B. White. Short term visual memory and the Pul-
frich phenomenon. Nature, 222: 639-641, 1969.
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perception. Vis. Res. 10: 65-78, 1970a

Lee, D. N. A stroboscopic stereophenomenon Vis. Res. 10: 587-
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23. (U) The soldier's mode of response to stressful situations affects his e???ciency
and the accomplishment of the military mission. With the increesed complexity of per-
formance demanded of the individual soldier, a research program has been pursued to
study fatigue and its influence on performance. The areas considered include skill de-
velopment and degradation of basic and complex tasks through fine motor unit training
and military related tasks; and the electromyographic assessment of muscle efficiency
as a means of allaying the onset of fatigue.

24. (U) A study is being made of the effect of auditory feedback on the efficiency of
gross muscle activity. Single motor unit research is concerned with acquisition and
maintenance of control of single and multiple units. Effort is continuing to identify-
ing basic abilities in complex skills, and changes in skill composition as a function
iof acquisition (practice), fatigue, and stress.

#25. (U) 71 01 01 - 71 06 30 Studies are also being made of possible sources of inter-
. ference in leerning to acquire and maintain control of multiple motor units. Surface
telectromyographic studies have revealed progressive changes in the amplitude and fre-
quency of potentials related to differences in load and contraction time. Two papers
on complex skills are in the first draft stage of preparation. One paper reports sup-
port for the regression theory of skill fatigue. A second paper reports that different
skill components are transferred from one task to another dependent upon the level of
skill attained in the initial task. Caldwell, L.S. Serial isometric fatigue functions
with variable intertrial intervals. J. Mot. Behav. 3:17, 1971; Caldwell, L.S. Decre-
ment and recovery in repetitive maximal work sessions. Human Factors, 12:547, 1970;
Lloyd, A.J. and E.B. McClaskey. Subjective assessment of effort in dynamic work. J.
Mot. Behav. 3:49, 1971; Lloyd, A.J., et al. Subjective and electromyographic assess-
ment of duration during an isometric muscle contraction. Ergonomics, 13:685, 1970.
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Progress:

The electromy ographic analysis of muscle activity during contin-
ucus isometr.c exercises has indicated that this measure has the po-
tential to provide information regarding the normal development of a
fatigue state in a muscle as weil as influences from various parameters
related to the subject's attitude toward the specific task at hand.

The deveiopment of fatigue resuits in a pattern change of muscle activ-
ity from a normal random pattern to one of motci unit synchronization.
The cnset of synchronized signals correlated with the onset of muscle
tremors which further interferes with skilled responses. Normal syn-
chronization results during later stages of fatigue. The introduction
of some stressors has been uamonstrated previously to produce an early
onset of the synchronization phenomenon.

Physica! performance has been proposed to be an aversive condi-
tion to a large nunber of ambulatory psychiratric patients with the hy-
parventilation syndrome. This condition was studied as a potential
SLT@SsS0r wnich would produce a decrement in physical performance as a
result of inefficient muscle utilization produced by early synchroniza-
tion. The resuits indicated that hyperventilators respond aversively
to physical activity, vet 2a=e more efficient in the isometric exercise
than control subjects. A new treatment for immediate symptom allevia-
tion was proposed as a potential means to reduce their military inef-
fectiveness .

[f synchironization couid be allayed, sustained performance should
improve. Subjecls who were provided with immediate feedback of their
muscle activiiy dia not increase in the endurance of an isometric con-
Lraction but < nor“yated that the same performance could be conducted
with signvr .o .y ess musclz activity. It was proposed that this re-
duced activii. tuad rL:ult in an efficiency which would be significant
in a long pérformance series.

Studies nave been conducted to relate the synchronization of the
muscle activiuy t uantval origins. The analysis will consist of the
relationshiy o1 tne nevromuscuiar signals te EEG signais of the corti-
cal motor area 14 en altempi to obtain more information regarding cen-
tral and peripneral contributions to the muscie resporise.

A further anaiysis 1s being made on data where men were required to
perform a strenuous task for « predetermined period of time. Preliminary
results indicate cnat men voluntariiy suppress the synchronization phenom-
enon and psce wneir pertormance in order to successfully complete the task.
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Electromyographi. arnalvsis of dynamic work represented by treadmill
walking has demonstrate.d a significant difference in muscle activity when
compared to a sustairad isometric contraction. The nmen demonstrated a
consistent reduction n ruscie activity as they approached a maximum vol-

untary state of fatique  Further znalyses are required before any defin-
’ 1tive statements can he made. Similar preiiminary findings were obtained
[ when a nhasic¢ isometriz task was introduced.

Researcn on the jeneril questicn of the simlarities and differences
n training or transter phenomena existing when complex psychomotor tasks
are compared to the weli-documented data on verbal tasks was suspended
durini the third ouarter, FY 1371, due to breakdown of the Modified Mash-
burn Apparatus. This work will resume when the contact plates can be re-
built  MWork 15 progressinc on three papers: Performance decrement pro-
duced by nine hours or driving, @ studv or the regression hypothesis of
ski11 tatigue invoiving shifts 1n ability patterns, and transfer of
training as revealad hy changes in ability measures from the training
to the transfer task. The transfer study which employed the Modified
Mashburn Apparatus {SA" Complex Coordinator) is closest to completion.

The investigation of fine motor skills had advanced in a contin-
uing series o¢ studies on single motor unit training. The basic tech-
nique monitors bioelectric activity of motor units by means of fine-wire

intramuscular electrodes and has considerable potential in the area of

myoelectrically controlled prosthetic devices. Recent efforts have
focused on concurrent control of multiole units. Results indicate that
with direct auditorv teedback ot motor unit activity subjects find
learning to contro! 4 second motor umit considerably more difficult
than learninc to contro’ the first. In order to determine the reason
tor this, foliowu) experirents are in progress to examine transfer and
retention of trainiig. The results cof these experiments should illumi-
nate possible sources f interference encountered when training two or
more units concurrentiv

Data ta.en duripe (o-stunt speed walking at tvo preset mile per

hour values “1ds " 'vstrated that data taken on the original short
treadmill we.e 172 <9 ¢ w3y contaminated. The present data provided
the expected reiat m<nvip that tall men take lona strides and short

men take short s7 > .e5 where the previous data had shown that tall
men take short nua-cus strides and short men take lonc albeit fewer
strides  The bect . yroblem apnarentlv was the lenath of the treadmill
and control of ¢r v v otcr noise.  The new treadmill is of the longer
verston Wtk Jovaietion of povse control, the study will be reiniti-

ated
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{U) Tne sounds of combat, radio "static," vehicular, and engine noise are typical
wackgrouncs which degrade the soldier's ability to give and receive ne-essary commands
oy voice and electronic means. This research is designed to assess the effects of

tnese sounds on tnhe soldier's performance of military tasks, to evaluate and improve
the predictive vaiue of models of processes involved in the communication of auditory
messages and to promote hearing conservation in military personnel,

24. (U) Factors influencing attention are being studied using simple signals. The lis-
tener acts as an information relay detecting and retransmitting signals. Comparisons
between tne transmitted and retransmitted signal trains yield readily quantifiable
measures of performance. Independent variabies include stress induced by competition
and instructions, signal-masker carameters, and response bias. Auditory perception is
being studied with vocal and voice-like signals and maskers. Emphasis is on the iden-
tification of complex signal parameters and their relation to auditory communication
and binaural unmassing. Response related factors such as reaction and decision times
are regularly monitored.

5. (U) 7V 00 01 - 71 06 30 Data collection is comlete on a study of the effects of
wan signal rate, signa’ to noise ratio, and intersignal interval distribution on the
detection of randomly occurring signals; analysis of the data is underway. Studies of
binaural unnmasking of discrete frequency signals with pulsed and continuous maskers
continue, Mosa0, J. D. and A. S. House. Binaural unmasking of vocalic signals. J.
Acoust. Soc. Amer., 49, No. 4 (Part 2): 1203-1212, 1971,
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Progress :

Work in the area of attentional processes has resulted in the
completion of computer hardware and software comprising a signal gen-
eration, experimental control, and data acquisition system. Once cal-
ibrated, this system was used to ccnduct a parametric study of auditory
signal detection with random intersignal intervals. The experiment was
designed to determine the effects of three variables on detection per-
formance: 1) mean signal rate (two levels), 2) signal to noise r2tio
(four levels), and 3) intersignal interval probability distribution
(two levels: exponential and gamma). The data collected under these
16 treatments are in the form of temporal histograms which in turn are
estimates of certain conditional probabiiity distributions related to
hits, misses, correct negatives, and false alarms. Analysis is under-
way. A model of the processes underlying signal detection with random
intersignal intervals is under development and is an outgrowth of earlier
work (Cronholm, 1968). A paper by Cronholm, "Probability gate statis-
ti1¢s," describing some general properties of probability gates used in
several models (Luce, 1970; Cronhoim, 1968) has been published.

Continued effort in the area of perceptual processes has been de-
voted to the acquisition and deveiopment of equipment because of certain
interesting inconsistencies discovered in the binaural unmasking data
gathered during the previous year. However, a paper with A. S. House
from Dr. Mosko's dissertation on the "Binaural unmasking of vocalic
signals" has been published. In addition, Dr. Mosko has produced two
USAMRL reports evaluating earplugs, one of which has been published
in the open literature. In this study it was shown that the Gundefender
earplug offers both 1mproved speech intelligibility and protection from
temporary threshoid shift equivalent to the standard issue Army plug.
Work continues on other problems ot speech intelligibility. These stud-
ies are concerned with the acoustic paraneters of speech signals which
govern inteiligibility in the presence of unwantzd noise.

Work 1n the third area, response processes involved in auditory
communication, is exempiified by pilot studies by Dr. Cronholm of re-
sponse patterning in the signal detection setting without signals.
This work was undertaken to explore how false alarm responses are pro-
duced as a function of noise level alone. Mean false alarm rates have
been obtained at one noise level. In future experiments interresponse
time histograms wili be obtained at several noise levels.

Publicaticns cnd/or Presentations:
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Cronholm, J. N. Probabili%y gate statistics. Behav. Res. Methods
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nals. J. Acoust. Soc. Amer. 49, No. 4 (Part 2): 1203-1212, 1971.
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23. (U) To investigate, by immunological techniques, the mechanisms that are involved
in the production of opacities in the lens of the eye induced by laser radiation. In-
formation in this area will permit a more accurate prediction of the amount of laser
energy necessary to cause lens damage, thereby providing better standards for the
safety of military personnel employing laser systems.

24. (U) Normal proteins of the cornea and lens will be characterized by standard im-
munochemical techniques. Changes in the antigenic structure of these tissues following
laser irradiation will be sought and the relationship of these changes to cataractogene-
sis will be determined.

25. (U) 70 10 01 - 70 12 31 Column chromatographic and electrophoretic studies to
compare protein fractions separated from normal and laser-induced cataractous lenses
have been terminated; the decreasing emphasis in laser biolooy research has prompted
this action. The data from these studies are being analyzea for a final report.
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Progress:

Ocular exposure to high levels of unfocused, pulsed ruby laser
radiation results in cataract formation in rabbits. Soluble lens ex-
tracts from laser induced cataractous and normal rabbit lenses were
studied by electrophoresis, column chromatography, and immunological,
and carbohydrate analytical methods. The electrophoretic, immunolog-
ical, and chromatography data provided no evidence for the occurrence
of additional or altered specificity of proteins in laser induced cata-
ractous lenses. However, it was shown that proteins from cataracts
behave antigenically the same as heat denatured lens protein. The in-
crease in reactivity is probably due to the increase in antigen com-
bining sites brought about by the aggregation of protein molecules.
Hexose and polyol concentrations did not differ significantly between
normal and cataractous lenses.

The clinical resemblance of laser induced cataracts to the so-
called "glassblower's cataract" along with the aforementioned find-
ings strengthens the contention that laser induced cataractogenesis
results from heat alone.

A final report is in preparation.

Publications and/or Presentations:

None.
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. erythema to steam blebs. The data are now being processed to determine threshold doses
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23. (U) To investigate the potential of high intensity laser radiation ¢f a given fre-
quency to induce skin lesions as a function of power density and exposure time; to
provide pertinent data for safety standards in military laser systems application; to
study laser induced skin burns in animals with respect to susceptibility to systemic
bacterial infection.

24. (U) Thermal damage produced in porcine skin by carbon dioxide laser radiation witn
millisecond and nanosecond exposure times will be determined. Injuries resulting from |
rapid sequential pulsing of subthreshold exposures will also be investigated. Thresh-
old values in pigmented porcine skin for other laser radiation will be determined.

25. {U) 7. 01 01 - 71 06 30 Two detector systems for scanning the high intensity carbon
dioxide laser beam have been completed and tested. The skin of seven pigs has been ex-
posed to 6 millisecond pulses of carbon dioxide laser radiation. The damage ranged fror

o mmmn sl

for the various levels of injury.
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Progress:

The skin of darkly pigmented pigs was exposed to Q-switched ruby
laser radiation with an exposure time of 20 nanoseconds. The result-
ing damage was evaluated by gross visual observation as well as histo-
logical techniques. Depigmentation of the skin at the site of impact
of the laser beam was used for visual assessment of damage. Histo-
logical evaluation of tissue damage has now been completed by MAJ
David K. Hysell, VC, presently on duty at the US Army Research Institute
of Environmental Medicine. The measured absorption of visible and near
infrared radiation by this porcine skin closely resembles thai of dark-
ly pigmented American Negroes. The measured threshold values for dam-
age induced by ruby laser radiation in dark porcine skin can be consid-
ered a "worse case" for military personnel.

Progress in the study of skin damage by CO2 laser radiation was
delayed for several months because of ar inoperable laser. Upon the
repair and return of the laser by the manufacturer, work was initiated
to stabilize both the total power output and beam geometry of the laser.
Careful control of the temperature environment of the laser head pro-
duced reasonable stability of the laser beam.

Two detectors for scanning the high intensity CO» laser beam have
been completed and tested. Absolute calibration of the devices has
presented some probiems. However, work is continuing and calibration
is expected to be completed shortly.

The skin of seven white pigs has been exposed to 6 millisecond
pulses of high intensity laser radiation. The gross damage ranged
from erythema to explosive steam blebs. The histological evaluation
of the lesions 1s nearly complete. Final analysis of the data to
determine the thresiiold doses for various levels of injury cannot be
complated until the absolute calibration of the scanning devices is
completa

Publications and/or Presentations:

None.
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23, (L) Vo measure ard evaluate the effects of exposure to laser radiation upon the
visual and electropny<iological functions of the eye. Knowledge in this area wil
contribute to a hetter understanding of the effects, if any, of Tow dosage laser ex-
Losure on the /isual function in the absence of visible damage as it applies to mil-
vtary laser systeins.
2%, (U) Monkeys wi'l Le trained by operant conditioning techniques to respond positive
it tne various visual stiruli required for tests of acuity, dark adantation, monochro-
atic and acrranetic ditference thresholds and critical flicker frequency thresholds.
‘s ability t0 discriminate in these various tests will be retested, after exposure of
~tne eye to laser and otner high energy light sources, to measure changes produced.
Ivectroretinograsmic and evoked cortical notentials will be used to evaluate the rela-
tive'y rapid rezovery of tne eye to flashblinding stimuli as well as to provide cor-
rel tive data for retinal exposures of more intense, structurally damaging light.
25, (U) 7161 9 - 77 35 31 Tne rignt eyes of seven monkeys have been erpased to
laser radiatior. Thre2 animals received approximately 1 millijoule per square centi-
meter,  Subseguent analysis showed an immediate loss of visual acuity tu 18 percent of
sreexposure tevels. Seven weeks after exposure the animals returned to a stable level
2f 45 to 50 percent of tne preexposure acuity. Three other animals received a “min-
imail” dose of approximately 164 microjoules per square centimeter. Eacn showed foveal
lesions; rowever, vicual acuity did not changa. In the seventh animal a dose of 720
mcrojoules produced an itoediate decrement in acuity which returned to normal within

|
|

———_

ly

I

7 weoks.  Sudsequentiy, tne left eyes of three of the original test animals have been
exnosed.  Thi tgti are consistent with the above results. Flashblindness research nas
peen snitiLTea with 1n: eipnsure of rhasus monkeys to various wavelengths of light.
cagovery LiUe dals nawve not vecn analyzed to date.
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Progress:

The study of the effects ot (-switched ruby laser radiation on
the visual acuity ot the rhesus monkey has continued. In addition,
studies have been initiatea to determine the eftects of the wave-
length of a tiashblinding source upcn the recovery time of rhesus
monkeys .

& Visual acuitiy - Seven rhesus monkeys were trained to discrim-
inate a Landolt trom an "0" o1 the same s1ze. The task required
the animal! to depress & ‘ever at the beginning of a trial, character-
1zed by the onset vt & !light and tone 1n the test module. The lever
activated a projector shutter system which flashed either a "C" or an
"0" ontc a screen iocated approximately 50 cm 1n front of the animal.
If a "C" was presented, the animal was trained to release the lever
immediately. It an "0" was presented, tha e¢nimal continued to hold
the lever down unti! the !i1ght &nd noise were shut off. Various
sized Landoit rings were presented to each anima!. Acuity thresholds
were determined by coumputing the Landolt gap size which yielded a cor-
rect response 75% or the time. Atter 1nmitial training periods, binoc-
ular and monoccular acuilly measures were cbtained for approximately 4
months or untii the visua! acuity values for each animal had stabilized.
During July and August (1970) three trained animals (RM 46, RM 65, and
RM 49) were given single Q-switched iaser exposures of 1.11, 0 "2, and
0.170 m3 1n the right eye (1 0 my represents the energy level a: which
there 1s a 100% probab1iity of producing & visible retinal lesion,
whiie 0 72 mj and 0 170 vy represent the 75 and 50% probability
points, respectiveiy). lrradietions were inade at the USAMRDC-AMC
Laser Satetiy Team faboretuvies, Fronkiord Arsenal  Two other ani-
mais (RM 98 and RM 100) were similarly exposed to 1.0 my and 0.170
mj, respective.y, 1n January 1971 Two edditicnal animals trained
at the Frankford Arsenal tacitity (RM 13 and RM 16) viere given laser
exposuras in November 1970 and May 1971

The etrfocts ot these |ases exposures upon the visual acuity of
the animals sariea as « tunction ot the dose ‘evels used. RM 46,
RM 100, and BRM 13 receyved approdimately | my of energy incident at
the cornea! surface Al three enimais showed immediate acuity losses.
For 1 (RM 13) to 2 weeks " 46). acuity was nol measuravie in the
exposed eyes. whiie the letrt, 0 control eyes sh wed normal acuity.
Each of the three arimais showed ¢ adua! 1mprovemznt 1n acuity of the
exposed eye du:ing ~ne foliowing & to 8 weeks At this time, the
acuity in the “cht cve stabilized at between 40 to 60% of preexposure
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acuity levels and rercined at this level for 6 to 8 months. Ophthal-
moscopic examination showed large uniform lesions in each eye completely
encompassing the fovea and central macular area.

Animals receivina approximately 0.170 mj of energy (RM 16 and RM
49) showed no changes in the exposed eye | hour later. Ophthalmoscopic
examination revealed l2s10ns in each eye completely encompassing the
fovea, but of less sevarity than in animals receiving the highest dose.

An accentric lesion developed in the right eye of one animal (RM
65). The dose was calculated at 0.720 mj at the cornea and encompas-
sed an estimated 80% of the fovea. An immediate loss of acuity to 33%
of the preexposure level was followed by a rapid improvement to a nor-
mal ievel of acuity within 4 weeks.

Animals RM 46, 65, and 49 were exposed again in February 1971,
this time in their left eyes. RM 46 received approximately 0.170 mj,
ind RM 65 and BM 49, approximately 1.0 mj. RM 46 showed an immediate
decrement 1n visual acuity 1n the exposed eve, followed by an apparent
return to normality within 2 weeks. The left eye of RM 65 also showed
an immediate decrease in acuity followed by a reiurn to its preexposed
acuity within 3 weeks. RM 49 (1 mj exposure) showed a slight decrease
in acuity in a return to normal values within 1 week.

A seventh animal, RM 99, died 2 weeks after receiving a 1.0 mj ex-
posure and the data were not considered sufficient to include in the
analysis

Three rhesus monkeys are 1n the first stages of acuity training
and will be exposed to the Q-switched laser within 1 month. The three
animals already exposed in one eye will receive a second exposure in
the other eye within 2 month<. The three animals previously expised in
both eyes wili be sacrificed scon and, in cooperation with the Joint
Laser Safety Team, elactron and light microscopic studies will be made
to evaluate tne obsarvad pathological changes and relate these to the
observed changes 1n visual acuity. Eventually, all of the animals in-

volved in visual acuity tests will undergo this latter examination.

b. Flashblindness - Research has been initiated to determine
the factors intluvencing the recovery of the visual system foliowing
exposure to high intensity flashes of light. Previous research
(Randolph, J. Opt. Soc. Amer. 58: 424, 1968) has shown that recovery
from flashblirndness 15 ciosely related to bcth the wavelength of the
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flashblinding stiruius and the wavelenath of the target used to meas-
ure recovery. In the present researcn des1ﬂn one of six wavelenaths,
each equated for eaual opower at 1.0 x 1N~ 3 w/em2, will be flashed into
the eye of a rheirs monkev. Pecovery of visual resngnse to one of the
six different wavelengths apolied at 1.9 1 17-% u/¢d will *hen be
evaluated by measuring the tirme required tor insilateral and contra-
lateral occipital evoked potentials and tre electroretinoaoram to re-
turn to their oreflashblinding amplitudes and latencies. *onochro-
matic light, generate~ 2y a krypton laser system, at 468, 520, 534,
57C. »37, and 676 nm w17 be used both for flashpblindina and for re-
covery measurements at eact of these wavelenaths. Evoked cortical
potentials from a number of rabbits and two monkeys at several of
these waveiengths have been averaged and are currently beina eval-
uated for variabilitv and relative amplitude and latency differences.
then these data have been analyzed, daily fluctuations in both evoked
occipital potentials and eras can be controlled to insure independence
of the ef*ects of eacn wavelenath upon the recovery from flashblindness.

Jrile the electroretinogram and the evoked cortical potentials are
reliable measures of flashblindness recovery, direct measures of the
temporary effects of flashblindness would be more directly related to
military problems. To accomplish this, rhesus monkeys are being train-
ed to discriminate between various wavelengths of liaht qenerated by
the Krypton laser. Following this trainina, each animal will have
electrodes implanted in the occipital cortex. Flashblindness effects
upon the perceptinn of color and the relationsnip of this perception
to the evoked cortical sotentials will then be directly evaluated.
recommendations for flashblindness protective devices can then be
nade based upon percertual and electrophvsiolocical criteria.

Publ[CdtlQﬂa“gpQLQQ_P[gggﬂtatigﬂi:

Randolph, C. L., J. L. Campheli, !, S, Zwick, and L. Beatrice.
The effect nt foveal laser exposures cn the visual acuity of rhesus
monkeys. Paper onresented (by Randolpn) at the Associction for Re-

search in Visicn und “pathalmoioay meeting, Sarasota, Fla., fpr 1971,

Selected tix'iogranhy:

‘ducy laser efflCts on the

Jones ., £. b, and A, L. McCartnsy
£: 474, 1966.

monkey eye. Invcost. (ohithal.

Randeipn, 2. . ~ecovery time of caits foliowinag high illuminance
stitwlatior. J. 'rr. Sce. Lmer, 58: 424, 159¢7.
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Randoloh, O. !. <tlectroretinographic and behavioral recovery
time of cats to high intensity photic stimulation. In: Davies and

2andolph (Eds.), “latick Flashblindness Symposium, NAS-NRC Armed Forces
Yision Committee, .ashington, D. C., Nov 1969.

Vassiliades, 4., et al. Investigations of laser damage to ocular

tissues. Final Pepurt, USAF, Aerospace Medical Division, Brooks AFB,
Tex,, “ar 1968.
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23. (57 Reclassification of hi?hly trained and experienced personnel due to service
connected, noise irduced, hearing loss critically reduces combat effectiveness. In
addition, increased incidence of hearing loss among inductees requires ?rior selection
to assure military benefit from specialized training. This research relates the phys-
ical parameters of military noise to the psychophysical and physiologica’ behavior of
the human auditory system. These data, with other medical and engineering data, will
be used to evaluate and improve hearing protection for military personnel.

24. (U) The relation between physical characteristics of the ear, physical character-
istics of noise, and susceptibility of ears to noise damage will be studied in human
and animal ears. Human studies will explore the hazards of the auditory environments
projected through the Army 1985 Follow-On Study. Studies will be made of any protec-
tive devices made available to this laboratory.

25. (U) 71 01 01 - 71 06 30 The analysis of the data obtained from monkeys exposed to
impulsive noises has been completed. A computer-controlled program for the detection
of novel sound patterns in chinchillas exposed to noise is running and preliminary
data are being initiated. A computer-controlled device which will enable a systematic
investigation of the parameters of impulse noise and their effects on auditory perform-
ance has been established and the initial data are being obtained. Instrumentation has
been constructed to study directional hearing in humans exposed to noise environments
and audiokinetic nystagmus. Mosko, J.D. Non-titled paper presented to FASEB Ad Hoc
Group Mtg on "“A review of the adverse biomedical effects of sound in the military en-
vironment, Bethesda, MD, Jun71; Luz, G.A., et al. The relationship between temporary
threshold shift and permanent threshold shift in rhesus monkeys exposed to impulse
noise. USAMRL Rep. No. 928, Apr71; Luz, G.A. and J.D. Mosko. The susceptibility of
the chinchilla ear to damage from impulse noise. USAMRL Rep. No. 921, Mar71.
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In one study (also mentioned in last year's report), no relation-
ship could be found between TTS and PTS in a group of monkeys exposed
to impulse noise (USAMRL Report No. 928, Apr 971?. Other relation-
ships did emerge., This study suggested--but did not prove--that s
small amount of PTS at one audio frequency may produce an increased
sensitive and increased resistance to TTS at soms other frequency.
Thus, tnis study confirmed a similar observation for tank crew men,
whose low freaquency hearing appeared to improve during the course of
20 years service, a period durin? which their high frequency hearing
drops by 40 dB (Paparella and Melnick). The study also supported
the clinical concept that high frequency PTS is a more sensitive in-
dex of damage to hearing than is low frequency PTS.

At the end of the study, the monkeys were turned over to DOrs.
Jordan, Pinheiro, Jiminez, and Chiba of the Inner Ear Research Pro-
gram at Case-Western Reserve University Medical School. These investi-
gators provided USAMRL with cochleograms of the monkey ears. (A coch-
leogram is a graph of the percentage of sensory cells present in the
cochlea as a function of distance within the cochlea.) The results of
the eleven analyses were so impressive that it was decided to build the
potential for the same type of histology (1.e., the "surface prepara-
tion") within the Experimental Psychology Division. The necessary
equipment is being purchased and Mr. Car) Guthrie was trained in this
technique by Dr. David Lipscomb, Director of the University of
Tennessee Noise Study Laboratory.

The surface preparation of histology allows one to make a compar-
ison between the pattermms of hair cell damage induced by di fferent
types of noise. Thus, it can provide one kind of index of hazardous
noise. Although it is a relatively new technique, it is already being
used to index the hazard of different kinds of impulse noise. For ex-
ample, Hamernik et al (1971) have shown how the extent of hair cell
damage changes as the number of impulse exposures is increased and how
the pattern of damage differs between two di fferent shapes of impulsa.
A parameter not yet explored which is within the immediate research
capacity of USAMPL is the effect of impulse width on the pattern of
damage, an experiment which is easily programmed with the variable
width impulse generator, develored several years ago through an SGO
contract to R. Benson and Associates.

The development of a still more versatile impulse generator was
begun in the past year. From the digital to analog converter of the
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PP-8 computer, a short transient voltane is fad into a powerful ampli-
fier. The amplifier drives a public address system driver which is
closely coupled to the car. In initia) tests, this system produced
impulses with peak levels of greater than 150 dB SPL., Although the
level of these impulses cannot match those produced by the varisble
width impulse generator, they can be shaped in rather precise ways,

a feature not present in the uther system. For exarmple, one can

change the shape of the impulse while keeping the total energy of

the impulse constant.

Although the development of the capacity for inner ear histology
is important, it would be naive to suppose that an adequate index of
hazardous noise could be produced from this technique. There are many
cases in which hearing loss does not correlate with the loss of hair
cells. An obvious example is any hearing loss connected with changes
in the ossicles of the middle ear. Even within the cateqory of what
is conventionally termed “sensorineural loss ', there is often 3 lack
of correlation between audiometric and histological measures. For ex-
ample, Bredberg, in an important study of the surface preoaration his-
tology of human ears, found cases of histological loss without comoar-
able audiometric loss and cases of audiometric loss without comoarable
histological loss. Assuming that neither the histologist nor the au-
diologist made a mistake, such cases would sugaest that there are more
factors underlying sensorineural loss than the loss of hair cells,
During the past year, the research program at USAMRL has obtained data
that would suggest this is so. When the patterms of PTS in the noise-
damaged monkeys were compared with the respective cochleoarams, it was
apparent that large amounts of hair cell loss can be sustained with
only small shifts in thresho’d sensitivity. More than 90% of the outer
hair cells had to be destroyed at some point in the cochlea before the
monkeys shcowed a corresponding dip in their pure tone audiogram. These
results corresponded to those of a similar study carried out with chin-
chillas at the Central Institute for the Deaf in St. Louis. On the
other cide of the coin, a study in which chinchillas were exposed to
the same impulses as the monkeys {(USAMRL Report 'lo. 921, Mar 1971)
yielded small but consistent losses of pure tone sensitivity with in-
significant losses of hair cells. This analvsis was provided by Dr.
Lipscomb and also by our own lahoratory.

Conceivably, the chinchillas suffered a displacement of the os-
sicular chain. Or the other hand, there could have been permanent
changes in the input impedance of the inner ear. Such changes of im-
pedance within the inner ear have bheen succested by several investi-
gators (Beagley, Xhanna, and Tonndorf). The possibility of a
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reversible clhiange 1n 1nner ear fmpadance was also undarscored in the
mode! of impulse noisc 1nduced TTS published this year 1n collaboration
with Lr, David Hodge of dfl , Aberdaen Proving Grounds .

Since *he: model 14 speculative (as i< the concept of reversible
changes fn 1nner ear 'ripedance), eftort has been devoted this year to
exploring *ne “S-type ot TTS postulated in the model. Two questions
were ashec: (1) Can the S-type of TT1S be demonstrated in species oth-
er than ¢ in and monvey? (2} Iy the S-type 115 merely an artifact of
behavrc«y' audinnetry ¢ does 1t show up in physiological measures of
the auditory system? lo answer these questions, evoked potential au-
diorrtey was carried out on chinchillas, Most of the year has been
devoted to tne development of o suitable system for evoked response
a?d10rvtry. As vet, there is too little data available for any con-
clusion.

taced with the lack of correlation between hair cell loss and PTS,
many auditory rescarchers have begun to search for more sensitive meas-
ures of auditory sensitivity. DOuring the past year, efforts have been
made to find auditory discriminations that are more sensitive to noise
than 1s the detection of pure tones. A program that tests the ability
of human ears to discriminate hetween transients having identical energy
spectra (but differina shapes in time) has been adapted for use with the
POP-8  This nroqram runs three subjects simultaneously and performs
prelimnary analvses c¢f the data. The PDP-8 has also been programmed
to test ~uditory discrimination ir the chinchilla. In this program,
sounds are presented at reaular intervals (e.q., once every 15 seconds).
Yhenever there is a ciange 1n a parameter of tke sound, the subject is
requirea tn respond. 2lthough this oroaram will eventually be used to
study noisc danage :r the chinchiila, the initial experiments have been
directed to answer ;o hasic juestions ghout the nature of this para-

digm,

Another problem cummnon %0 no1sy environments is the effect of
noise or other serse wdialities. instrumentation is being constructed
to study diraction:’ hearina in humans exposed to noise environments

and audio-k netic nystrairus.

Publications and/ur Presertat:ons:

Jacobson, E. J., . °. Downs, and ' .. Fletcher. Clinical find-
ings in high frequenc, trrasholds during ototoxic druq usage. J. Aud.
Res. 9: 379-38%, 1«

5l




B71R 03126 (cont) H
Detafl Sheet =4

luz, 6. A, Curient studias of hearinn ar (A", Precsanted at
AMEDD Annual Confercnce 1n Pogehglons, Frtzavmons Ganara) Hospita,
benver, Colo., Dee 17

Lux, G. A, 0. L. Fleteher, o ', Trague!, and ', 0, Musho, The
relationship between temporar, thiesnt' g o0 0 gand perranent thresh-
old snift ‘n rhouys munbe s eanosed o o, e arvee U AR Rengrt
‘o, 427, Apre 1971,

Lz, G. A, and . (. Yadqe, “eciier, troe 1mpuise-noise induced
TTS ir monkeys and men: [ cescriptive model, ! Acouss, Soc, Amer,
49: 1770-1777, 971,

Luz, G. A. ara ). U, Moshke  Tre sytcerntibility of the chinchilla
ear to damage fror 1rpu'se rorge, AP Report ‘o, 921, Yar 1971,
prasented (by Luz) at the Spring Meering of the Acoustical Society of
Arerica, Jasiingtor, D. C., fpr 107

Mosko, J. C " review of the adverse viroredica’l effects of sound
in the military environrent, Presented to federation of the American
Society for “xper. Ji10loqy Ad iHoc hroup ‘etian, Dethesda, 'd., Jun
1971. !

Mosko, J. . and . L. Fletcher. “4rowth and recoserv 0f tempo-
rary threshold shifts following extenterd =095 i@ to hivi-level, con-
tinuous naise, AJAMD Confererce Penceed nns ‘o, 32 e~ Adantation and
Acclimatisation in leraspace “ediciae, op. 7-. - 2-€, 1971; oresented
(by Mosko) at the C7th Aerospa.e “‘ed ¢y’ Farc!. Gar~isch, Germany,

Sep 1979

Moskn, J. 0. and ), L., Fletcu: /aluartion of fHhurdefender ear-
plug: Temporarv trrechold shift ~c¢duct or and <peccs inteliinibhility,
USAMRL Peport ‘0. 223, Net 1970 (OO AN e 75037¢ 00 Y freust. Soc.
Amer. 4%, No. 6 ‘Fart Yi: 1722-1733, (%7

Mosko, J. .. . L. Fletcher, ar¢t 47 uz. TSronth and recovery
of temporary throonald shifts t2llrirn extards | axnosyre to high-level,
continuous rcise IAMPL Repors oo VI, . IO (00D Mo, T717232).

Patterscr, . . ang ). Y. hoger Stacritination of transient

signals havina i:°~t1¢al enpra sinctra. . Gcoust. woc. Amer. 48:
£34, 1970.
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Patterson, J. H. and D. M. Green. Masking of transient signals
having identical enorqy spectra., Presented at the Round Table on
Auditory Masking at the Tenth International Conqress of Audioloqy,
Dallas, Tex., Oct 1979, Audioloqy, 10: 85-96, 1971,

Pack, A, F. The use of evoked potential audiomstry for the raoid
assessrernt of hearing in unanesthetized chinchillas. Presented at the
Kentuch.y and Indiana Psycholoqical Association Meetinq, Louisville,
by ., “ar 1971,
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leagley, H, A, Acoustic trauma in the quinea pig. . Electro-
pnhysiology and histoloqy. Acta Ntolaryng. 60: 437-451, 1965,

Bredberg, G. Cellular pattern and nerve supply of the human
organ of Corti. Acta Ntolarvng., Suppl. 236, 1968.

Hamernik, R P,, D. Henderson, D. S. Dosanjh, and R. Sitler. Im-
pulse noise: Some electrophysiological and anatomical effects. Pre-
sented at the Seventh International Congress of Acoustics, Budapest,
Aug 1971,

Khanna, S. M. and J. Tonndorf. The vibratory patterm of the round
window in cats. Presented at the 8Ist Meeting of the Acoustical Society
of America, ‘ashinaton, D. C., Apr 1971,

Lipscomb, D. M. Ear damage from rock and roll music. Arch. Oto-
laryng. 90: 29-39, 1969.

Paparella, ™. 't and W. Melnick. Stimulation deafness. In: A. B.

Graham (Ed.), Sensorineural Hearing Processes and Disorders. Boston:
Little, Brown and Co., Ch. 32, pp. 427-433, 1967.
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t10n deptn 4nd frequency. Results will be expressec 'n terms ¢ contrast trars ‘er
functions to facilitate the determination of indivicgual di‘ferences and to ceve' 0p
selectior. criteria for sunerior visual skills, Paralle) experiments will De conduct-
ed using nfrar ,mar. o 1matey o subjects.
25. (L)77YY 01 0% - 70 368 30 (ot.cal ana elecironic systers ar cortiruing to be devel- '
aped for tne evaluation of weveiergin effects in vis,al latency and for tne ceter-ina-
tion of visual recclution for [yram C tarjets at DroTODIC AnC SCOY0D'C 1eve«s. fo- ‘ov- }
eal and peripneral sites, ang At varying contrast ievels, Data collectior 1s in prog- i
ress on stucies 2¢ central vari.nles 'n ysisual informetion processiry, fnClugding com-
suter generated <t:~uli, Tre tire bDetween tre presentation of tne response stimuius ?

and interfering 5¢° .7y 1s a pote~: va-iaule i~ Stroop-like paradigms. Jyer, F. N,
titencies “ur ratcning ¢ word-calor Jairs wotn "irrelevant” words or colors.  USAMRL
Rep. No. 920, 7ev 7', Cyer, 7. N, A zrmaorison of chromatic and acnromatic versions
of the Stroo;, ccior-ward test  foyenon, Sci. 22(4): 235, 1871,
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varqely through the Stroop paradigm, 1 .e,, combination of word
and color stimuly wrth reiultant ntriculty for color naming, the
central processing ot visual stimull was studied, Bilinqual perform-
ance with interferins words yn one language and naming in another in-
dicateg that the stte of thig 1nterterence 1$ at a cognitive or per-
ceptual level rather tnan an v.ert resnonse level, Manipulation of
the re'lative proce>sing rates ot cnlor and word information indicated
that crec:se arrival or tne processed word and color stimuli {s neces-
sary ‘or ntah color namng intertcrence. Even by manipulating these
timing relationships, nowevser, no apnreciable interference could be
generated 'n an analog of the “troop paradigm where movement direction
and direction names were combined This implies that basic differences
exist betaeen the central process: ny of color and movement. This ap-
pears to be the first demonstration of central processing differences
1n contrast to well-known perinheral processing for di fferent visual
dimensions .

51nce the numan eye has considerable axial chromatic aberration,
ft is necessary when studying the sensitivity or resolution of small
chromatic stimuli to correct this aberration with the use of an "“achro-
matizing’ lens. This lens, when moved laterally in front of the eye
while viewing an intricate multicolored pattern, produces an interest-
ing visual effect which has been termed the "dancing arabesque." This
consists of 3 relative change in the spatial position of areas of dif-
ferent color. An explianation of tnis etfect is based on the measured
refractive power of the lens as a function of wavelength; below 500 nm
the lens is progressively n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>